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[57] ABSTRACT 

An intraluminal prosthesis includes a tubular member hav- 
ing at least one end which is at an oblique angle to the 
lumen. The prosthesis is inserted into a body lumen, such as 
a blood vessel, while compressed. The prosthesis is 
expanded within the lumen, and the oblique end of the 
prosthesis contacts the lumen at an oblique angle. This 
oblique angle reduces the stenotic effect of hyperplasia 
which generally occurs at the ends of intraluminal prosthe- 
ses. 

6 Claims, 7 Drawing Sheets 
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TUBULAR ENDOLUMINAR PROSTHESIS hypoplasia within the lumen of a blood vessel is potentially 

HAVING OBLIQUE ENDS stenotic, and therefore compromises the therapeutic value of 

the intraluminal graft. 

This is a Continuation of application Ser. No. 08/402, For these reasons, it would be desirable to provide 
435, filed Mar. 10, 1995 now abandoned, the disclosure of 5 improved intraluminal prostheses, including both grafts and 
which is incorporated by reference. stents, and methods for treating aneurysms, stenosis, and 

other conditions using such prostheses. It would be particu- 
BACKGROUND OF THE INVENTION ^ desirable if the prostheses would provide the therapeu- 

1 Field of the Invention tic value of existing grafts and stents, but would reduce the 

Tlie present invention relates generally to mtraluminal 10 stenotic effect of the hyperplasia which generally occurs at 
prostheses and methods for their use. More particularly, the the ends of existing structures, tt would be furrier durable 
£esent invention relates to intraluminal grafts and stents * such prostheses could be insertedj^^posiuoned using 
having oblique ends to reduce stenosis, and methods for the conventional delivery catheters and methods, 
treatment of defective body lumens using such prostheses. 2. Description of the Background Art 

Vascular diseases amenable to treatment by the devices 15 Vascular graft prostheses having oblique ends for rcplace- 
and methods of the present invention include both occlusive meat or bypassing of diseased blood vessels in open surgical 
diseases and aneurysms. Occlusive diseases are character- procedures are described in U.S. Pat Nos. 5,127,919 and 
ized by the build-up of stenotic materials in the affected 4,441,215. An intrahmiinal graft having a helical end is 
blood vessel, resulting in partial or total occlusion of the disclosed in U.S. Pat No. 5,037,427. Intra l umi n al grafts 
blood vessel lumen having ends normal to the lumen are disclosed in U.S. Pat 

Vascular aneurysms are the result of abnormal dilation of Nos. 5,282,860; 5,211,658; 5,167,614; 5,156,620; 4,877, 
a blood vessel, usually resulting from disease and/or genetic 030; and 4,830,003. . 
predisposition which can weaken the arterial wall and allow Other designs for mtraluminal prostheses are described in 
it to expand. While aneurysms can occur in any blood vessel, M copending application Ser. Nos. 08/255,681 and 08/290,021, 
most occur in the aorta and peripheral arteries, with the the full disclosures of which are incorporated herein by 
majority of aortic aneurysms occurring in the abdominal reference. 

aorta, usually begiiimng belowfcc r^ a^« and often SUMMARY OF THE INVENTION 

extending distally into one or both of the iliac arteries. 

The use of stents is gaining widespread acceptance in the M The present invention provides intraluminal prostheses, 
treatment of occlusive diseases. Usually, a stenotic lesion is including both grafts and stents, for the treatment of disease 
treated by balloon angioplasty with the simultaneous or conditions, particularly aneurysms. The intraliiminal pros- 
subsequent placement of a stent to inaintain vessel patency. theses provide a decreased risk of luminal occlusion (as 
While holding great promise as an improvement over angio- discussed bdow) and comprise a tubular member which is 
plasty alone, the use of stents can have drawbacks. Of 35 tosertable into a body lumen in a small diameter configu- 
particular concern to the present invention, stents can them- ration and which can be expanded wimin me body lumen to 
selves provide initiation sites for hyperplasia, particularly at an expanded mode. At least one of the ends of the tubular 
each end where the edge of the stent is exposed to the blood member will have a tcnrunal edge which is dispel atjeast 
vessel lumen, ft would therefore be desirable to provide partially at an oblique angle relative to the lumen of the 
miproved stent designs which would lessen problems asso- ^ tubular member 

dated with post-placement hyperplasia. The intraluminal prostheses may be self-expanding, 

Aortic aneurysms are most commonly treated in open expandable by the application of a radially outward internal 
surgical procedures where the diseased vessel segment is force, or a combination thereof. Self -expanding prostheses 
bypassed and repaired with an artificial vascular graft. While are typically delivered to a target location within the body 
considered to be an effective surgical technique, particularly 43 lumen in a radially compressed configuration, e.g. within a 
considering the alternative of a usually fatal ruptured tube or other constraining structure. Such self-expanding 
abdominal aortic aneurysm, conventional vascular graft prostheses may be deployed by first posmoning at the target 
surgery suffers from a number of disadvantages. The surgl- location and subsequently releasing the constraint to permit 
cai procedure is cornplex and requires experienced surgeons the prosthesis to expand an anchor wimin the lumen, 
and well equipped surgical facilities. Even with the best so Expandable prostheses are delivered to the target location 
surgeons and equipment, however, patients being treated without the need for constraint and are deployed by internal 
frequently are elderly and weakened from cardiovascular radial expansion, usually by inflating a balloon or other 
and other diseases, reducing the number of eligible patients. expandable structure within the lumen of the prosthesis. 
Even for eligible patients prior to rupture, conventional Self-expanding prostheses will preferably be constructed 
aneurysm repair has a relatively high mortality rate, usually 35 from resilient materials, such as spring stainless steel, shape 
from 3% to 10%. Morbidity related to the conventional memory alloys, shape memory plastics, elastic (resilient) 
surgery includes myocardial infarction, renal failure, plastics, and the like. Expandable prostheses will be pref- 
impotence, paralysis, and other conditions. Additionally, erably constructed from malleable materials such as stain- 
even with successful surgery, recovery takes several weeks, less steels, titanium alloys, tantalum alloys, plastics, and the 
and often requires a lengthy hospital stay. 60 like. Prostheses have both self-expanding and expandable 

In order to overcome some or all of these drawbacks, properties and may be constructed from combinations of 
cndovascular graft placement for the treatment of aneurysms these materials. 

has been proposed. Although very promising, many of the The i n trali i minal prostheses of the present invention are 
proposed methods and apparatus suffer f^ other prWems. suitable for a wide variety of therapeutic uses, including 
In particular, hyperplasia (excessive cellular proliferation) 65 stenting of the ureter, urethra, biliary tract, and the like. The 
may occur in Wood vessels at the regions adjacent to the devices and methods will also be useful for the creation of 
ends of anmtialuminal graft, stent, or other prosthesis. Such temporary or long term lumens, such as the formation of 
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fistulas. The present invention will find its greatest use, FIGS. 3A and 3B arc sectional views of a prior art 
however, in the placement of endovascular grafts into Wood prosthesis and the present prosthesis implanted in a body 
vessels for the treatment of abdominal and other aneurysms, lumen, respectively. 

vascular stenoses, and the like. FIG. 4 is a schematic illustration of an embodiment of the 

The present intr al u minal prostheses provide significant 5 present invention which has been etched from a tube with a 

advantages over previously proposed designs, particularly series of staggered slits. 

for vascular uses. Any hyperplasia which occurs at the FIG. 5 is a schematic illustration of the intraluminal 

oblique ends of the present invention will occupy an oblique prosthesis of FIG. 4 which has been expanded to an 

region of the lumen in which the present prosthesis is expanded mode 

positioned. Almough&e total jolume of hyperp^iamay be "> nQ6k& ^ musttation of an embodiment of the 

toe same or greater the resulting occlusion ts reduced, (Le. mvcntlon continuous \^s^ZmcyeZ 

effective residual lumen area is uicrcased) because the dements at the top and boZn. 
hyperplasia is distributed axially over the surface of the 

lumen. In contrast, conventional prostheses having terminal FIGS - ' and 8 are side views of an alternative embodi- 

edges perpendicular to the lumen axis will cause a greater mcnt intrduminal prostheses according to the present inven- 

degree of occlusion since the opposed regions of hyperplasia tl0n " 

are axially aligned across a perpendicular cross section of FIGS. 9A and 9B are schematic illustrations showing a 

the lumen. Thus the stenoses of the present mtraluminal joining pattern for radially compressible band members used 

prostheses are effectively reduced over previous intralumi- to form the intraluminal prosthesis of FIG. 8. 

nal prostheses designs. 20 FIG. 10 illustrates a structure which has been etched from 

An additional advantage results from the ability to orient * tube and which may be subsequently expanded to form the 

the prosthesis to avoid blocking branch vessels). It will be mtraluminal prosthesis of FIG. & 

appreciated that a prosthesis having normal ends must be FIG. 11 is an illustration of a intraluminal graft according 

axially positioned to one side of a branch artery to avoid to the present invention, 

partial or complete occlusion. This lirnitation can be a 25 

significant problem where there is a limited area of blood DESCRIPTION OF THE SPECIFIC 

vessel wall for anchoring the prosthesis. The oblique end of EMBODIMENT 

* e ^ CD * OD ^™* e P^^f to * anch ° n * The present invention provides intraluminal tubular pros- 

beyond the ^r^^?!!^^ 118 , *££? y 30 *<*es and methods for their use. The prostheses of tie 

• Z!^f * ^ blodai 8 c - ™ !f *Fficular 30 present invention are particularly suitable for use within me 

benefit in the treatment of aortic aneurysms where the graft vascular system for treatment of aneurysms, stenosis, and 

may be oriented to avoid the renal artencs. other vascular conditions, but are also useful in other body 

The present invention also provides graft prostheses lumens, such as ureter, urethra, biliary tract, gastrointestinal 

which comprise a tubular member as described above and a 33 tract, and the t flre, for the treatment of other conditions 

liner covering at least apart of the inside of the lumen and/or which benefit from the introduction of a reinforcing or 

the outside surface of the member. The tubular member is protective structure in the lumen. The apparatus and meth- 

usualiy perforate, and the liner provides a barrier which ods can also find use in the creation of artificial lumens 

permits use as a vascular graft for the treatment of aneu- through solid tissue and structures, such as the placement of 

rysms. Preferably, the ends of the liner are aligned with or ^ a IE fistula via an endoscope. The vascular prostheses will 

parallel to the terminal edges of the tubular frame. The liner be placed endovascularly. As used herein, "cndovasculariy" 

is tied, spot welded, or otherwise secured to the tubular will mean placement by percutaneous or cutdown translu- 

member in such a way that the liner can radially expand with minal procedures (at a location remote from the treatment 

the member. Exernplary liner structures suitable for use with site) using a catheter. Use of a guidewire and/or guide 

the present invention arc described in copending application ^ catheter under fluoroscopic guidance may farflffofo place- 

Scr. No. 08/255,681. menL The catheters and guidewires may be introduced 

The present invention further comprises methods for through conventional access sites to the vascular system, 
treatment of disease conditions, particularly aneurysms and such as through the brachial and subclavian arteries for 
stenoses. The treatment method comprises inserting the access to the aorta and through the femoral arteries for 
intraluminal prosthesis into the body lumen while the pros- x access to the aorta or to peripheral and branch blood vessels, 
thesis is in its reduced diameter configuration. The prosthe- Suitable apparatus and methods for the endoluminar place- 
sis is positioned within the diseased portion of the lumen, ment of the present intraluminal prostheses are describe in 
and is expanded to the expanded configuration, either resil- copending application Ser. No. 08/290,021. 
iently or by application of an internal expansion force. The An mtraluminal prosthesis according to the present inven- 
expanded prosthesis includes at least one end which is 55 tion will comprise a tubular member having at least one 
oblique to the lumen of the prosthesis, whereby any hyper- oblique end. The tubular member is expandable from a small 
plasia which occurs along the line defined by the oblique end diameter configuration for insertion and positioning, to a 
will be axially distributed so that effective occlusion of the Urger diameter configuration within the body lumen, 
body lumen is reduced. Preferably, the tubular member comprises a perforate tubu- 

BRJEF DESCRIPTION OF THE DRAWINGS 60 JfJ ^^^^Jt ^^^^ conveniently be formed in the 

«uuriwi urmcyRATUiiuo compressed mode by cutting various patterns in a tube, as 

FIG. 1 illustrates a side view of a prior art mtraluminal discussed hereinbelow. Similar tubular members may also 

prosthesis having perpendicular ends, shown implanted in a be formed in other ways, for example, as a mesh of metal 

body lumen. woven into a tube. 

FIG. 2 illustrates a side view of an intraluminal prosthesis 65 Alternatively, the tubular member comprises a plurality of 

according to the present invention, shown implanted in a independent or interconnected structural elements, such as 

body lumen. rings, bands, serpentine elements, axial struts, parallel bars, 



03/19/2004, EAST Version: 1.4.1 



5,800,520 

5 6 

and the like. A variety of analogous structures having such uneven elements can form the oblique ends of the 

perpendicular ends are described in copending U.S. patent present invention. For example, the length of individual 

application Sen No. 08/255 ,68 1. structural members can be varied, defining an oblique end as 

In a further alternative, the tubular member comprises a a series of staggered steps. Alternatively, the ends may be 

sheet of biocompatible material which is coiled concentri- 5 formed in part by uneven structural elements, and in part by 

cally. The sheet may again be in the form of a wire mesh, for continuous structural elements. 

example, or may instead be substantially impermeable. Such ^ dimensions 0 f me tubular prosthesis will depend on 

coiled tubular members are expanded within die body lumen ^ ^utel use. Typically, the prostheses will have a length 

by expansion of the coil, usually from a relatively tightly „ ^ ^ ^ t 5 ' 0 nun to 500 mm, preferably from 

wound cml having a sign^cant ^^J^J^J^^ 10 about SO mm to 200 mm for vascular appUcations. The 

having less, if any, overlap Again, at least one end of tte cofl be to me nige from about 

iSZin 18 " mm, preferably Wng in the rS from about 

further alternative, the tubular member of the 5 mm to 25 mm for £ 

present invention is comprised of one or more helical or ~ m ^^ m ° de * *S ^ /^^^f f^f^ 

spirally wound elementsTriie expansion of a helical tubular 13 raiige rwm 3 mm to 9 mni, f^erably fr om 4 irmi to 6 mm 

member of the present invention from a small diameter for vascular applications. 

configuration to a larger diameter configuration is most The tubular member may optionally be composed of a 

simply an expansion of the helical coil, where the helical resilient material, usually metal Preferred resilient metals 

coil has an oblique end when in the expanded configuration. include heat and/or shape memory alloys, such as nickel 

The end of such a tubular member is preferably formed such 20 titanium alloys which are commercially available under the 

that a side view exists from which the angle between the end trade name Nitinol®. The frames may also be composed of 

and an axis of a lumen is seen as being oblique in one other highly elastic metals, such as MP-35 N, Elgfloy, and 

direction; i.e., consistently greater than 90°. the like. In the case of Nitinol® and other memory alloys, 

Still other alternative construction methods are available the phase transition between austenitic and martensitic states 

forforming the tubular member of the present prostheses. As may occur between an introduction temperature, e.g., room 

a final example, the tubular member may be formed as inner temperature (aprjaximatcly 22° C), and body temperature 

and outer resilient tubular layers which are joined together (37° C), to minimize stress on the uncxpanded frame and 

at a proximal end and a distal end, thereby defining an enhance radial expansion of the frame from its radially 

annular cross-section. The annular passage may then have compressed condition. Expansion can also be achieved 

fluid introduced to expand the outer layer against the body 30 based on the highly elastic nature of the alloy, rather man 

lumen, followed by insertion of a plastic material to hold the true shape recovery based on phase change, 

tubular member in the expanded configuration. Thus a wide Alternatively, the tubular member may be composed of a 

variety of structures are available for the tubular member of malleable material, such as titanium CP II or 3 16 L stainless 

the present prosthesis, as described in the patent literature. 35 steel, tantalum, or the like. The tubular member can be 

Regardless of the form of construction used, the tubular formed and inserted into a body lumen in a compressed 

member of the present prosthesis has at least one oblique mode, and expanded when in position by an internal expan- 

end. As used herein, an mtraluminal prosthesis end is sion force, such as a balloon catheter, 

oblique when a side view exists from which a significant in some cases, it may be desirable to form a tubular 

portion of a terminal end of the prosthesis is at a substan- ^ member having different clastic or other mechanical prop- 

dally oblique angle relative to an axis of a lumen of the erties at different regions along its length. Far example, it is 

prosthesis. Such oblique ends avoid having any single possible to beat treat different regions of the tubular member 

cross-section associated with the entire terminal end of the so that some regions possess elastic properties while others 

prosthesis. become malleable so that they may be deformed by external 

The oblique angle of the end of the present prostheses will 45 force. By providing at least one malleable end portion and 

generally range from 20° to 80°, preferable being in the an elastic (radially compressible) middle portion, the graft 

range from 30° to 60°. The angle selected will vary with the can be firmly expanded ancVimplanted by internal balloon 

intended use of the prosthesis, with the above ranges being expansion force (to anchor the end(s) in the inner wall of the 

preferred for vascular uses. blood vessel) while the middle will remain open due to the 

It will be recognized that the axis of the lumen, from 50 elastic nature of the tubular member. Malleable end portions 

which the oblique angle is measured, may not be straight are a particular advantage since they can be expanded with 

and, in fact, may curve and flex with the body lumen in a sufficient force, and re-expanded if necessary, to assure a 

which it is inserted Thus the angle may be determined by good seal with the blood vessel wall. Alternatively, the 

the tangent of the axis of the lumen at the end of the malleable ends could be formed from a different material 

prosthesis. 55 than that of the middle portion of the tubular member. The 

The particular form of the oblique ends of the present use of different materials would be particularly convenient 

invention wffl vary with the form of construction of the when the tubular member is formed from a plurality of 

tubular member. Obviously, tubular members having ends independent bands, where one or mare band members at 

which are continued s allow a continuous oblique angle to be either or both ends could be formed of a malleable metal 

formed Preferably, the oblique end of such prostheses are, <so Usually, such malleable end(s) will extend over a distance in 

in fact, formed as a continuous, straight end, thereby directly the range from 5 mm to 50 mm, preferably from 5 mm to 20 

defining the oblique angle. Tubular members having more mm. 

complex frame structures may also have continuous ends, Malleable portions or segments can also be formed in 

where a continuous structural element defines the entire other parts of the tubular member. For example, some 

terminal end 65 circumferentially spaced-apart segments of the tubular 
The ends of tubular prostheses formed from a plurality of member could be malleable while the remaining drcumfer* 

structural elements may be highly irregular. Nonetheless, ential segments would be elastic. The member would thus 
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remain elastic but have an added malleability to permit ends will be described. The tubular member 20 is formed in 

expansion by applying an internal expansion force. Such a the compressed mode, as seen in FIG. 4. The tubular 

construction would be advantageous since it would allow the member will be in an expanded configuration when 

diameter of the graft or stent structure to be expanded if the i m p l an t ed in a body lumen, as seen in FIG. 2. The prosthesis 

initial diameter (which resulted entirely from elastic 5 20 is shown isolated in the expanded configuration in FIG. 

expansion) were not large enough for any reason. The 5< 

proportion of elastic material to malleable materi al in the A method for forming the tubular member 20 in the 

tubular member can be selected to provide a desired balance present invention may be described with reference to FIG. 4. 

between the extent of initial, elastic opening and the avail- A of mc desired material, optionally a resilient material 

ability of additional, malleable opening. Such construction 10 KUch as ntefcd titanium a P 04 * 5 transformation 

can be achieved by selective heat treatment of portions of a X ^^ stme significantly below 37° C, preferably between 

frame composed of a single alloy material, e.g. nickel 30 C 32 ° c - ** obtained * The tube will have dimen- 

titanium alloy, or by forming circumferential segments of 810X18 T0U &*y 10 mc dimensions of the tubular 

the frame from different materials having different elastic/ mcmbcr **** 1x1 compressed mode. The tube may be 

malleable properties. is <xrawn ' roUed * <* otherwise treated to achieve the desired 

_ ... . , . wall thickness, diameter, and the lite . Suitable wall thick- 

The present invention may be understood by reference to ______ m {n nT™*. T^T n c ™ A 

prrjo r , - A . CT >j - J , nesses are in the range of about 0.1 mm to 0.5 mm A 

^L^h^^f^r ?^!?S 0Ml staggered pattern of axial slots 25 is then formed in the tube, 
mbiilar intraliirmnal prostheses 1 haying ends 4 which ae aTflfuaratedin HG. 4, which do not intersect the ends of the 
generally perpendicular to an axis A through the center of a ^ - _ ■ * ♦ u ^ ™^ . , T . 

i i^T^lL - . , T r , . . T * ! ™ 0106 21. The slots may be formed by electrical discharge 

lumen of the prosthesis 1. The prosthesis 1 is implanted 20 ^ , t J . , ^ - 6 

of the prosthesis 4 LKhc body^l alonl^ ^Z^t^*?^^ ^^tl* 

sectionldplanesPl andP2 which are f^erally perpLdicu- 25 JSEZ-TEST? * " *" to ** «■»"-•«»-* 

lar to the axis A. Thus the lumen 2 has a reduced effective M _T „ . . . , , „ 

diameter Dl at cross sectional planes PI and PX Alteraatrvdy, the tube may be formed of a malleable 

_ ... . * _ . , material such as 316 L stainless steel. The tube is again 

Hyperplasia is a potential side effect of the endoliiminal formed in the compressed mode, as described above! 

placement of intraluminal prostheses. Hypoplasia of Wood However, the slotted tube need not be expanded until 

vessels and other body lumens causes luminal occlusion, 30 posaiooed within the body lumen. In duwasT sharp 

which can substantially reduce *e luminal area which ^ m ^ mjlvtu1ioaal techniques, such as 

remains available after completion of the procedure- Hypa- debarring, abrasive extrusion, or the like. The result of the 

F^ 1 *"^ 0 ^ **** «_» P™?*^ contact the expansion is again the tubular member 29 illustrated in FIG. 

inner surface of a body lumen, e.g., the endothelium of blood j 

^^f^S^^n^l^r^t " As seen in FIG. 5, the ends 21 of the expanded tubular 

oppositewa^thelt^^^ KttTe^S^end.^^S 

on a cross-sectional plane which is perrxauMcular to the axis ,>w lrmA _ w J^To. o^T^J^^LT^ 

of the lumen, as shown in FIG. 3/L^ 40 * c ob "f C ^^J^^""^: J* 

' even pattern at the end 21 of prosthesis 20 avoids die 

A prosthesis according to the present invention is shown cantHevered diamond-shaped elements common in prosthe- 

positioned within a body lumen 2 in FIG. Z The prosthesis scs having popcndicular ends (sec cg. T FIG. 1). The even 

20 has oblique ends 21 relative to the axis A of the lumen of end pattern of end 21 poses a lowei risk of tissue damage, 

prosthesis 20, and thus to the body lumen 2. Hyperplasia 23 ^ including puncture of the body lumen, than stents or grafts 

associated with the present prostheses ends 21 will likewise having cantilevered elements. This design can also ininimize 

form an oblique angle tome body lumen Z Flow 3 through irritation and hyperplasic response resulting from placement 

body lumen 2 will encounter the mass of oblique hyperplasia of the tube. 

23 spread the body lumen 2. Flow 3 wffl be distorted by Rrfanni now to FIG. 6, a further of me 
hyperplasia 23, first flowing over the lower portion, then x ^ &cni ^^ticm coimrises a tubular prosthesis 50 having 

flowing ctowu miderthc upper portion. Thus flow 3 encoun- cnda whkfa « p*-^ even. The ends are in part formed 

ters the greatest D Ooduaon at an obhque section 3B 3B continuous sides 52, and in part, preferably at a top 

shown in FIG. 3B. ^n^ue J^perj^asia 23^c_re resute ^ ^ 0 ^ fOTmc T laving cantilevered 

m ^ hm f% 2 ^ ^°^ c D2 > ^hat Ac dinniona^shaped elements 54. Thus, the continuous sides 52 
portion of flow 3 and the shape offlow area 24 (See FIG. 35 provide the reduced stenosis of the present invention, while 

3B) will also have some effect on effective diameter D2. toe ojamond-shaped elements can be biased outward to 

FIGS. 3Aand3B show the reduction in stenosis provided anchor prosthesis 50 in a body lumen, 

by the present invention. FIG. 3A illustrates the reduced FIGS. 7 and 8 are side views of prostheses according to 

flow area 6 which results from an intraluminal prosthesis 1 the present invention employing an alternative ernbodiment 

with perpendicular ends 4 (see FIG. 1). FIG. 3B illustrates of the tubular rixmbcr. Tubular member 14 has ends which 

the s i gni fi ca n tly larger flow area 24 resulting from the arc uneven. As can be seen in FIG. 8, the terminal ends of 

present mtnduminal prosthesis 21 with oblique ends 21 (see tubular member 14 are defined by a series of structural 

FIG. 2). Thus, stenoses which generally occurs at the ends members having staggered lengths. Specifically, a plurality 

of mtraluminal prostheses arc reduced by the oblique ends of 0 f band members U are joined to at least one transition 
the present invention. 65 member 15, which in turn is joined to at least one end 

Referring now to FIGS. 4 and 5, a particularly preferred member 16. These structural members form an oblique angle 

embodiment of the present invention having continuous a to the axis A of the lumen. 
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As shown in FIG. 7, the radially compressible band 
members 11 each comprises a zig-zag or Z-shaped element 
forming a continuous circular ring. Each band member 11 
will have a width w in the range from 2 mm to 15 mm, and 
the tubular frame will comprise from 1 to 30 individual band 
members. Adjacent band members 11 are spaced- apart from 
each other by a short distance d and are joined by bridge 
elements 13. Flexibility is enhanced by providing only two 
diametrically opposed bridge elements 13 between each 
adjacent pair of band members 11. 

As can be seen in FIG. 7, the oblique ends of the tubular 
member need not be formed parallel to each other. The ends 
may angle in the same direction, as in FIG. 8, they may be 
opposed, as in FIG. 7, or they may further be at some skew 
angle (not shown). Although the present prostheses prefer- 
ably have angles at both ends, space limitations or other 
considerations may dictate mat one end of an intraluminal 
prosthesis be perpendicular to the flow. Thus the present 
invention also provides that only a single end may be 
oblique, thereby reducing stenoses associated with intralu- 
minal prostheses where possible. 

A joining pattern of adjacent band members 11 is illus- 
trated in FIGS. °A and 9B. FIG. 9A illustrates the tabular 
member 14 as it would look if unrolled onto a flat surface, 
FIG. 9B is similar to FIG. 9 A, except that the band members 
are expanded. The expansion is shown at 30°, but will 
frequently extend up to 60° or higher in use. 

Referring now to FIG. 10, the tabular member 14 may be 
formed by a method similar to mat described for the tubular 
member 20, as discussed in regard to FIGS. 4 and 5. Tubular 
member 14 may again be formed of a malleable material or 
a resilient material, as described above. In either case, a 
pattern of axial and circumferential slots are cut into the 
tube, as shown. It should be recognized that prostheses 
formed by the method of tubular member 14 may also have 
continuous ends or sides, where a sufficient number of 
transition bands 15 are provided, and where the angle of 
expansion is the same as the oblique end angle. 

A further embodiment of the present invention is shown ^ 
in FIG. 11. PEG. 11 illustrates an intraluminal fl™ft hl>v, *flff 
phfojHSdBMfefrA perforate tubular frame 34 comprises a 
rality of bands 11, as was described above in regard to the 
tabular member of FIG. 7. End bands 16 and transition 
bands 15 form an oblique angle" with the axis of the lumen 
\ of graft 30. Additionally, a liner 31 covers at least a portion 
' of the outside of the graft, thereby substantially sealing the 
perforations of the tubular frame over the covered portion. 
The liner is sutured to the frame 34, preferably so that the 
ends of the liner 31 are angularly aligned with the respective 
ends of the frame 34. The ends may optionally be fully 
aligned with ends of the graft, i.e., the liner may extend to 
the ends of the perforate tabular frame. The design may 
reduce the proliferation of hyperplasic cells. 

The Uner(s) will be composed of conventional biological 
graft materials, such as polyesters, polytetrafluoroemylenes 
(PTFE's), polyurethanes, and the like, usually being in the 
form of woven fabrics, non-woven fabrics, polymeric 
sheets, membranes, and the like. 

The liner will be attached to the tabular frame and will 
cover at least a portion of one of the major surfaces of the 
tabular frame: the interior surface of the lumen, the exterior 
surface of the frame, or both. For example, the liner may be 
stitched or otherwise secured to the tabular frame along a 
plurality of circumferentially spaced-apart axial lines. Such 
attachment permits the liner to fold along a plurality of axial 
fold lines when the frame is radially compressed. The liner 



will further be able to open and conform to the luminal wall 
of the tabular frame as the frame expands. Alternatively, 
when inner and outer liners are used, the liners may be 
stitched, heat welded, or ultrasonically welded together to 
5 sandwich the tubular frame therebetween. 

The liner will preferably be circumferentially sealed 
against the tubular frame at least one end, preferably at both 
ends. It is also preferred in some cases that the ends of the 
perforate tubular frame be exposed, Le., not covered by the 
t° liner ff«trri«* t typically over a length in the range from about 
1 mm to 25 mm. Frame which is not covered by the liner 
permits blood perfusion through the perforations and into 
branch arteries such as the renal arteries in the case of 
abdominal aorta grafts, while providing additional area for 
anchoring the frame against the blood vessel lumen. 

Although the foregoing invention has been described in 
some detail by way of illustration and example, for purposes 
of clarity of understanding, it will be obvious that certain 
changes and modifications may be practiced within the 
20 scope of the appended claims. 
What is claimed is: 

1. An intravascular prosthesis comprising a tubular mem- 
ber having a proximal end, a distal end, a lumen, and a 
luminal axis, wherein the tubular member is insertable 
25 within a blood vessel in a small diameter configuration, and 
is expandable within the blood vessel to an expanded 
diameter configuration, wherein at least one of the proximal 
end and the distal end has a terminal edge which is disposed 
substantially at an oblique angle relative to the luminal axis 
so that the terminal edge will contact a surrounding blood 
vessel wall approximately along an oblique cross section 
when expanded therein, and wherein the terminal edge 
defines a continuous oblique angle at a side portion and a 
plurality of canulevered elements at a top and bottom 
portion. 

1 A method for treatment of a diseased blood vessel 
comprising: 

inserting a tubular intravascular prosthesis into the blood 
vessel using a percutaneous or cutdown endoluminal 
procedure; 

positioning the intravascular prosthesis at a target location 
within the blood vessel wherein the intravascular pros- 
thesis includes at least one end having a terminal edge 
disposed at an oblique angle relative to a longitudinal 
axis along the tabular member; and 
expanding the intravascukr prosthesis at the target loca- 
tion within the blood vessel so mat the entire terminal 
edge contacts a luminal surface along an oblique cross 
sectional region of the blood vessel, the entire terminal 
edge defining a uni-directional continuous oblique ref- 
erence line when perceived at a right angle from the 
luminal axis, so that occlusion of the blood vessel 
resulting from hyperplasia is reduced. 

3. A method as in claim 2, wherein the intravascular 
prosthesis is expanded by inserting a balloon catheter into 
the intravascular prosthesis and expanding the intravascular 
prosthesis by inflating the balloon catheter, the intravascular 
prosthesis remaining expanded after removal of the balloon 
catheter. 

4. A method as in claim 2, wherein the intravascular 
prosthesis is expanded by restraining the intravascular pros- 
thesis in a radially compressed mode prior to positioning, 
and by releasing the intravascular prosthesis at the target 
location. 

5. A method as In claim 2, wherein expanding the intra- 
vascular prosthesis comprises inserting a balloon catheter 
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into at least one end of the intravascular prosthesis and 
expanding the at least one end by inflating the balloon 
catheter, and wherein expanding the intravascular prosthesis 
also comprises restraining a middle portion of the intravas- 
cular prosthesis in a radially compressed mode prior to 
positioning and releasing the middle portion at the target 
location. 



12 



6. A method as in claim 2, wherein both the proximal and 
distal ends have terminal edges disposed at oblique angles 
relative to the axis, both terminal edges contacting the 
luminal surface over oblique cross sections. 
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